1. Introduction {#sec1-medicina-56-00230}
===============

Breast cancer is a condition that displays a high heterogeneity, both inter- and intra-tumoral, therefore multiple subtypes can coexist within a tumor \[[@B1-medicina-56-00230]\]. Synchronous multiple breast malignant tumors include multifocality and multicentricity. Multifocality is described as the simultaneous presence of two or more tumoral foci in one quadrant, while multicentricity is used for tumors developing in distinctive quadrants \[[@B2-medicina-56-00230]\]. The incidence of multiple breast cancer ranges from 10% to 24% of all breast cancers \[[@B2-medicina-56-00230],[@B3-medicina-56-00230]\]. The influence of synchronous tumors on prognosis is highly controversial. The current edition of Tumor-Node-Metastasis (TNM) staging system uses only the dimension of the biggest tumor \[[@B4-medicina-56-00230]\]. Several studies analyzed the importance of multiplicity in prognosis and considered reassessment of classifications in order to include this aspect \[[@B5-medicina-56-00230],[@B6-medicina-56-00230],[@B7-medicina-56-00230],[@B8-medicina-56-00230],[@B9-medicina-56-00230],[@B10-medicina-56-00230]\]. This study aims to evaluate the synchronous multiple breast cancer to determine the importance of the evaluation of multifocality and multicentricity. We also analyzed the necessity of including histopathological and immunohistochemical heterogeneity in the current staging systems, considering that a different classification might change the management.

2. Materials and Methods {#sec2-medicina-56-00230}
========================

A descriptive prospective observational study was conducted between January 2013 and May 2017, comprising of 235 patients diagnosed with breast cancer and surgically treated in the departments of General Surgery and Obstetrics-Gynecology at Emergency University Hospital, Bucharest, Romania. We excluded the cases with neoadjuvant therapy, those treated or diagnosed in other centers, those diagnosed by fine-needle biopsy, Paget's disease without invasive carcinoma component, intraductal epithelial proliferation without micro-invasion, and benign proliferation. The information was collected from the histopathological registers and medical records. All subjects were provided with informed consents for the use of biological material for scientific purposes. The study is in accordance with the principles of the 1975 Helsinki declaration, revised in 2000, and was approved by the Ethics Committee of the Hospital (\#10149, approved 07.03.2014).

The information was analyzed using MedCalc Software (MedCalc Software Ltd., Ostend, Belgium) and SPSS version 24 (IBM Corp., Armonk, NY, USA). We used the Chi-square and Fisher tests to assess the relationship between quantitative variables. Correlations were calculated using Spearman's rho coefficient. A *p*-value of less than 0.05 was considered significant.

3. Results {#sec3-medicina-56-00230}
==========

We gathered data from 235 patients with a diagnosis of breast cancer confirmed pathologically. As expected, most patients were females, respectively 97.45% (229 cases), given that breast cancer is an exceptionally rare condition in men. The median age at diagnosis was 61 years, and the mean age 59.9 ± 12.9 years. In our cohort of patients, we encountered 18 histopathological types of breast cancer (BC) with the most prevalent being invasive carcinoma of no special type (NST) and invasive lobular carcinoma (ILC). Data are presented in [Table 1](#medicina-56-00230-t001){ref-type="table"}.

Pathologic tumor stages are summarized in [Table 2](#medicina-56-00230-t002){ref-type="table"}.

Particularly, most men were diagnosed at an early stage, 3 (50%) with stage IA, 2 (33.33%) with stage IIA, and only one (16.67%) with stage IIIB. The mean tumor size was 2.8 ± 2.6 cm, and the median was 2.1 cm. The largest tumors were malignant phyllodes tumors, with the largest diameter of 28 cm. We found significant correlations between the size of the tumors and the presence of nodal or other localization metastases (*r* = 0.277, *p* \< 0.05, respectively *r* = 0.135, *p* \< 0.05). Regarding laterality, an increased frequency of breast cancer was observed on the left side. For men, the right side was affected more frequently, respectively in 4 of 6 (66.67%) patients.

The distribution according to the differentiation grade is presented in [Table 2](#medicina-56-00230-t002){ref-type="table"}. As expected, we found statistically significant correlations between the differentiation grade and tumor size (r = 0.335, *p* \< 0.05), the presence of nodal metastases (*r* = 0.198, *p* \< 0.05), or other metastases (*r* = 0.223, *p* \< 0.05), and Pathological Tumor-Node-Metastasis (pTNM) classification (*r* = 0.324, *p* \< 0.05). The immunohistochemical evaluation comprised of: hormonal receptors for estrogen (ER) and progesterone (PR), Human Epidermal Growth Factor Receptor 2 (HER2), Ki-67, p53, and DNA topoisomerase 2-alpha (Top2alpha). Data regarding ER, PR, HER2, and p53 are presented in [Table 2](#medicina-56-00230-t002){ref-type="table"}. The Ki-67 marker was evaluated for 198 patients and Top2alpha for 45 patients. The mean values were 23 for Ki-67 and 25 for Top2alpha, and the medians were 18 for Ki-67 and 20 for Top2alpha.

We selected 37 (15.74%) patients with multifocal and multicentric breast carcinoma: 6 (16.22%) multicentric and 31 (83.78%) multifocal. The six multicentric carcinomas had the following histopathological types: 50% (*n* = 3) ILC, 33.33% (*n* = 2) NST, and 16.67% (*n* = 1) mixt ILC-NST. Among the patients with multifocal breast carcinoma, the prevalent histological type was NST (*n* = 27, 87.09%), followed by ILC (*n* = 2, 6.45%), CMF (*n* = 1, 3.23%), and mixt histopathological type (*n* = 1, 3.23%). Regarding the mean and median age of patients with one or multiple tumors, we did not observe significant differences. Particularly, the lowest age among multicentric breast cancer patients was 48 years, higher than that of the unicentric and multifocal tumors, respectively 26 and 24 years. The characteristics of tumors for the 37 patients with synchronous multiple breast cancer, compared to unicentric breast cancer are summarized in [Table 3](#medicina-56-00230-t003){ref-type="table"}.

We evaluated the following parameters for all cases: index tumor, number of tumoral foci, grading of the index tumor and the tumoral foci, histological type of index tumor and of the tumoral foci, molecular subtype, and the presence of metastases (histological type, grade of differentiation, molecular type). We used the previously mentioned parameters for developing an algorithm in order to select the most aggressive tumor, namely the dominant tumor. [Table 4](#medicina-56-00230-t004){ref-type="table"} presents the characteristics of all 37 patients' tumors.

In all 37 cases, the number of tumoral foci was comprised between 2 and 11. Neither contingent foci nor non-invasive ductal carcinoma were reported connecting the lesions rendering them separate foci. Needle tract implantation following initial biopsy of the tumors was unlikely. This is supported by pre-procedural mammography proof of some secondary foci, and different molecular subtypes identified between many of the foci (intertumoral heterogeneity). Almost half of the patients (45.9%, no 21--37) had more than 5 tumoral foci. The size of the index tumor varied from 10 mm to 38 mm, with a mean value of 24 mm, lower than the mean diameter of tumors from all the patients included in the current study (28 mm). The reason for this difference is that multifocal tumors have greater chances to be discovered earlier. The dimensions of secondary tumors were inconstant, although the majority had a diameter under 5 mm. In particular, tumors with 2--4 foci had a diameter similar to one of the index tumors. There were cases with similar diameters of tumoral foci (no 1, 8, 10, 34), therefore it was difficult to determine which was the index tumor. The TNM staging system would classify the tumor in example 8 from [Table 4](#medicina-56-00230-t004){ref-type="table"} (2 tumoral foci, 15 mm each) into the pT1 category, although it has a double tumor burden. For these particular cases, international standards have not reached a consensus. Some studies suggest summation of the tumor's diameters or risk estimations and subsequent restaging in another prognostic class which will reflect the newly measured tumor burden \[[@B5-medicina-56-00230],[@B6-medicina-56-00230]\]. According to the current guidelines, in cases with multiple breast carcinoma (in our study up to 11 tumors per patient), the cumulative mass is not taken into consideration for classification, hence these patients are included in a category with better prognosis and might be under-treated.

The differentiation grade of index and secondary tumors differed in 13 cases. In eight of them (no 2, 3, 9, 10, 23, 24, 25, 27), the grading of the secondary foci was higher than that of the index tumor, suggesting that the index tumor is not dominant from the perspective of aggressiveness. This finding is corroborated with cases with higher grading of nodal metastases than of the index tumor, and similar to secondary foci (no 9, 10, 25). We also encountered cases with a poorly differentiated primary tumor, and moderate to well-differentiated metastases, suggesting a paradoxical differentiation (no 19).

Regarding the tumoral histotype, most of the index and secondary tumors had similar histotypes, with 3 exceptions (8.1%). In all 3 cases (no 9, 11, 25), the index tumor was NST carcinoma, and secondary foci included ILC carcinoma; all 3 cases also had metastases: 2 cases NST (no 9, 11) and 1 case ILC (no 25). We also found mismatches regarding hormonal receptors, as follows: 11 (29.8%) cases with ER status mismatch and 12 (32.4%) cases with PR status mismatch. The HER2 status did not vary significantly in our group. The Ki-67 was the most variable parameter in our study and was discordant in 17 (45.9%) cases. The predominant molecular subtype in our population was luminal A, with 25 cases classified in this category. In 5 of these cases (no 9, 10, 12, 32, 33), we observed discordances between the index tumor and at least one secondary tumor. In secondary foci with proliferation index higher than 14% the molecular subtype changed to luminal B and despite having smaller dimensions compared to the index tumors, secondary tumors became dominant on account of their increased aggressiveness. (smaller tumor, in bold in [Table 4](#medicina-56-00230-t004){ref-type="table"}) (no 9, 10, 12, 32, 33).

Secondary tumors also showed an extreme heterogeneity of hormonal receptors (ER and PR) but the designation of the luminal class was based on the percentage of Ki-67 expression only. One of those 5 cases (no 32) presented with a nodal metastasis with a phenotype similar to the reclassified secondary tumor (luminal B); we concluded that the secondary tumor was dominant. We also observed a case with a luminal A type index tumor, luminal B type secondary foci, and triple-negative nodal metastases (no 33).

The index tumor was luminal B type in 6 multiple breast carcinomas (no 6, 13, 14, 24, 30, 35), and none had nodal metastases; we observed discordances with secondary tumors in 3 cases (no 6, 14, 24). Only one case had overexpression of HER2 (no 26), but it did not show discrepancies between the index tumor, secondary foci, and the metastases. In addition, there were at least 4 cases where we observed mismatches between molecular patterns of breast tumors and nodal metastases: 2 cases with luminal A for breast tumors and luminal B for metastases (no 18, 28), one case with triple negative breast tumors and luminal B metastases (no 17), and one case with luminal A and B breast tumors and triple negative nodal metastases (no 33).

4. Discussion {#sec4-medicina-56-00230}
=============

Breast cancer is a heterogeneous group of neoplasms, with significant clinical, morphological, and immunohistochemical differences within a single tumor or between tumors \[[@B11-medicina-56-00230],[@B12-medicina-56-00230]\]. Introducing new immunohistochemical parameters allowed for better diagnosis and prognostic stratification of the tumors, with an impact on treatment management. Synchronous multiple breast cancer is the ideal prototype for studying tumoral heterogeneity, both inter- and intra-tumoral. The analysis of this subgroup was performed in order to evaluate the influence of histopathological and immunohistochemical heterogeneity on the classification of molecular subtypes, which can result in changing the therapeutic management.

The TNM staging system is considered the gold standard in classifying breast cancer. In its latest version, it does not take into consideration the multifocality and multicentricity. In cases with multiple tumoral foci, only the tumor with the highest diameter is taken into account for the pT category, while secondary tumors that are not contiguous with the primary tumor are not added to the size \[[@B4-medicina-56-00230]\]. As a result, the cumulative mass does not impact on treatment preference. Previous studies demonstrate that synchronous multiple breast cancer has a higher risk of metastasis, of recurrence, and a worse prognosis, compared to unifocal tumors with similar staging (TNM) \[[@B6-medicina-56-00230],[@B13-medicina-56-00230],[@B14-medicina-56-00230],[@B15-medicina-56-00230],[@B16-medicina-56-00230],[@B17-medicina-56-00230]\]. We emphasized the same observation. We noticed the presence of nodal metastases at diagnosis in 19 out of 37 patients. Their presence appeared to be associated with a higher number of invasive tumoral foci, the majority having more than four tumoral foci (index tumor included). Most of the nodal metastases had a similar histopathological and molecular subtype as the index and secondary tumors.

In our study, we encountered challenges when tumors with equal dimensions had to be classified, as the TNM and WHO staging systems recommend considering only one tumor for classification \[[@B4-medicina-56-00230]\]. The immunohistochemical characterization of multifocal tumors demonstrates a heterogenic expression of hormonal receptors and proliferation markers. The evaluation of nodal metastases showed discordances compared to the index tumor and secondary foci. We searched for discordances between tumoral foci in our patients (*n* = 37), and we encountered the following: 3 cases (8.1%) with histopathological mismatch, 13 (35.1%) with different grades of differentiation, 11 (29.8%) with ER status mismatch, 12 (32.4%) with PR status mismatch, 8 (21.6%) with molecular phenotype mismatch, and 17 (45.9%) cases with variable Ki-67. Variability of Ki-67 is useful in determining the dominant tumor and in differentiating between luminal A and luminal B subtypes. When a luminal A index tumor is associated with a smaller focus but with a higher proliferation marker (above 14%), the secondary focus is considered luminal B and becomes the dominant tumor despite its smaller size, because it is the most aggressive of the two tumors. Aside from the numerous mismatches described above, the dominant tumor was reconsidered in 5 (13.5%) cases---one of the secondary tumors was classified as dominant, based on more aggressive histological and molecular pattern which would impact the treatment plan. However, these tumors were smaller than the index tumor, and since the TNM classification only considers one tumor (the largest one, which, as demonstrated above is not always the most aggressive one), there is a significant gap in accurately classifying, staging, and consequently establishing the prognosis and the treatment strategy for these patients.

Given the high heterogeneity between the index and the secondary tumors, we consider that more than one tumor should be evaluated in synchronous BC. Few studies treated similarly the characterization of tumoral heterogeneity. The results are presented in [Table 5](#medicina-56-00230-t005){ref-type="table"}.

There are a few studies that support the current staging which uses only the tumor with the largest diameter for the T category. Their results showed that multiplicity had no significant influence on survival, even if it is associated with more aggressive features \[[@B16-medicina-56-00230],[@B25-medicina-56-00230],[@B26-medicina-56-00230],[@B27-medicina-56-00230],[@B28-medicina-56-00230]\]. Although the evaluation of more tumoral foci is time-consuming and expensive, our results, as well as many other studies, suggest that it is opportune to evaluate secondary foci since the results might affect the therapeutic decision \[[@B16-medicina-56-00230],[@B19-medicina-56-00230],[@B20-medicina-56-00230],[@B22-medicina-56-00230],[@B29-medicina-56-00230]\]. Especially the molecular heterogeneity was associated with a shorter survival, while the microscopic heterogeneity (histopathological type and grade of differentiation) did not have an influence \[[@B20-medicina-56-00230]\]. We believe that our observations should be validated by a study on a larger lot to ensure a higher statistical power. Given the low prevalence of multiple BC and the current practice to perform molecular profiling only on the index tumor, it is difficult to enroll eligible patients in retrospective studies.

5. Conclusions {#sec5-medicina-56-00230}
==============

The latest version of the TNM staging system for breast cancer does not take into account multifocality and multiplicity. In these cases, only the tumor with the largest diameter is considered for the pT category, neglecting the importance secondary foci; therefore, the real tumor burden is underrated and the possible mismatches between the index tumor and the secondary foci, that might influence the treatment decision, are overlooked.

According to our results, the actual breast cancer staging system is perfectible, especially in the era of precision medicine. This paper highlights the importance of the total tumor burden and the molecular differences among the index tumors, secondary foci, and nodal metastases in staging and treatment of breast cancer. This is even more important in a time when personalized oncological and surgical decisions are gaining momentum. We consider that reporting the cumulative tumor burden and the most aggressive tumor could improve the accuracy of staging and improve clinical decisions.

This paper is part of a larger PhD study of A.D., concerning breast cancer heterogeneity.
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###### 

Histopathological types of breast cancer (BC) in all patients.

  Histopathological Type                                              Number *n* = (%)
  ------------------------------------------------------------------- ------------------
  Infiltrating ductal carcinoma NOS (NST/no special type carcinoma)   147 (62.55%)
  Lobular carcinoma NOS                                               19 (8.09%)
  Invasive carcinoma NST with medullary features (CMF)                12 (5.11%)
  Carcinoma of mixed type                                             12 (5.11%)
  Mucinous adenocarcinoma                                             9 (3.83%)
  Malignant Phyllodes Tumor                                           7 (2.98%)
  Metaplastic Carcinoma NOS                                           6 (2.55%)
  Ductal Carcinoma in Situ (DCIS) with Microinvasion                  6 (2.55%)
  Tubular Carcinoma                                                   2 (0.85%)
  Neuroendocrine Carcinoma NOS                                        2 (0.85%)
  Cribriform Carcinoma NOS                                            2 (0.85%)
  Intraductal papillary adenocarcinoma with invasion                  2 (0.85%)
  Invasive Micropapillary Carcinoma                                   2 (0.85%)
  Angiosarcoma                                                        2 (0.85%)
  Apocrine adenocarcinoma                                             1 (0.43%)
  Adenoid Cystic Carcinoma                                            1 (0.43%)
  Encapsulated papillary carcinoma with invasion                      1 (0.43%)
  Primary Hodgkin's Lymphoma of the Breast                            1 (0.43%)
  Primary Breast Diffuse Large B-Cell Lymphoma (DLBCL)                1 (0.43%)

NOS = not otherwise specified.
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###### 

Characteristics of the index tumor in all 235 patients with multiple of unifocal breast carcinoma.

  Variable                       No. of Patients (%)   
  ------------------------------ --------------------- --------------
  **Gender**                     Female                229 (97.45%)
  Male                           6 (2.55%)             
  **Laterality**                 Left sided            139 (59.15%)
  Right sided                    78 (33.19%)           
  Bilateral                      4 (1.70%)             
  Unknown                        14 (5.96%)            
  **pTNM**                       IA                    46 (19.57%)
  IIA                            61 (25.96%)           
  IIB                            41 (17.45%)           
  IIIA                           10 (4.26%)            
  IIIB                           19 (8.09%)            
  IIIC                           4 (1.7%)              
  IV                             33 (14.04%)           
  Unknown                        21 (8.94%)            
  **Grade of differentiation**   G1                    38 (16.17%)
  G2                             124 (52.77%)          
  G3                             59 (25.11%)           
  Unknown                        14 (5.96%)            
  **Nodal metastasis**           pN0                   132 (56.17%)
  pN1                            65 (17.66%)           
  pN2                            12 (5.11%)            
  pN3                            5 (2.13%)             
  Unknown                        21 (8.93%)            
  **ER status**                  positive              150 (63.83%)
  negative                       45 (19.15%)           
  Unknown                        40 (17.02%)           
  **PR status**                  positive              153 (65.11%)
  negative                       42 (17.87%)           
  Unknown                        40 (17.02%)           
  **HER2**                       0                     131 (55.74%)
  1+                             28 (11.91%)           
  2+                             14 (5.96%)            
  3+                             13 (5.53%)            
  Unknown                        49 (20.85%)           
  **P53**                        positive              26 (11.06%)
  negative                       52 (22.13%)           
  Unknown                        157 (66.80%)          

P = by histopathological examination; pTNM = Pathological Tumor-Node-Metastasis; ER = estrogen receptor, PR = progesterone receptor, HER2 = Human Epidermal Growth Factor Receptor 2.
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###### 

Characteristics of index tumors in patients with multifocal, multicentric, or unicentric breast cancer.

  -----------------------------------------------------------------------------------------------------------------------------
  Variable                       Multifocal *n* = (%)   Multicentric *n* = (%)   Unicentric *n* = (%)   *p* Value       
  ------------------------------ ---------------------- ------------------------ ---------------------- --------------- -------
  **Age (years)**                Mean\                  60\                      60\                    60\             NS
                                 Median\                61\                      57\                    61\             
                                 Minimum\               24\                      48\                    26\             
                                 Maximum                81                       83                     87              

  **Gender**                     Female\                31 (100%)\               6 (100%)\              173 (96.65%)\   0.523
                                 Male                   0 (0%)                   0 (0%)                 6 (3.35%)       

  **Laterality**                 Left-sided\            16 (51.61%)\             4 (66.67%)\            113 (64.57%)\   0.728
                                 Right-sided\           14 (45.16%)\             2 (33.33%)\            59 (33.71%)\    
                                 Bilateral              1 (3.23%)                0 (0%)                 3 (1.71%)       

  **Grade of differentiation**   G1\                    3 (9.68%)\               0 (0%)\                30 (18.07%)\    0.605
                                 G2\                    23 (74.19%)\             4 (66.67%)\            92 (55.42%)\    
                                 G3                     5 (16.13%)               2 (33.33%)             44 (26.51%)     

  **Nodal metastasis**           pN0\                   18 (58.06%)\             4 (66.67%)\            108 (61.71%)\   0.698
                                 pN1\                   12 (38.71%)\             1 (16.67%)\            52 (29.71%)\    
                                 pN2\                   1 (3.23%)\               1 (16.67%)\            10 (5.71%)\     
                                 pN3                    0 (0%)                   0 (0%)                 5 (2.86%)       

  **Molecular subtype**          Luminal A\             19 (61.29%)\             6 (100%)\              70 (46.67%)\    0.266
                                 Luminal B\             6 (19.35%)\              0 (0%)\                51 (34%)\       
                                 Triple negative\       5 (16.13%)\              0 (0%)\                18 (12%)\       
                                 HER2+                  1 (3.23%)                0 (0%)                 11 (7.33%)      
  -----------------------------------------------------------------------------------------------------------------------------

P = by histopathological examination; ER = estrogen receptor, PR = progesterone receptor, HER2 = Human Epidermal Growth Factor Receptor 2; IHC = immunohistochemical.
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###### 

Evaluation of intertumoral heterogeneity in multiple breast carcinoma.

  No.      No of foci   Size (mm)                  Grade of Differentiation   Histotype   Molecular Subtype   Metastases       
  -------- ------------ -------------------------- -------------------------- ----------- ------------------- ------------ --- -----
  **1**    **2**        **10/10**                  **1/1**                    **D/D**     LuA/LuA                              
  **2**    2            **12**/5                   1/2                        D/D         LuA/LuA                              
  **3**    2            **11**/3                   1/2                        D/D         LuA/LuA                              
  **4**    2            **11**/4                   2/2                        D/D         LuA/LuA                              
  **5**    2            **12**/5                   2/2                        D/D         LuA/LuA                              
  **6**    2            **12**/10                  2/2                        D/D         LuB/LuA                              
  **7**    2            **12**/11                  2/2                        D/D         TN/TN                                
  **8**    2            **15/15**                  2/2                        MX          LuA/LuA                              
  **9**    2            16/**12**                  2/3                        D/L         LuA/LuB             3            D   LuA
  **10**   2            18/**18**                  2/3                        D/D         LuA/LuB             3            D   
  **11**   3            **20**/10/3                2/2/2                      D/D/L       LuA/LuA/LuA         2            D   LuA
  **12**   3            20/**11**/3                2/2/2                      D/D/D       LuA/LuB/LuA                          
  **13**   3            **20**/11/2                2/2/2                      D/D/D       LuB/LuB/LuB                          
  **14**   3            **21**/5/5                 2/2/2                      D/D/D       LuB/LuA/LuA                          
  **15**   3            **26**/4/3                 3/3/3                      D/D/D       LuA/LuA/LuA         3            D   LuA
  **16**   4            **17**/5/5/3               2/2/2/2                    D/D/D...    LuA/LuA/LuA...                       
  **17**   4            **18**/6/6/4               2/2/2/2                    D/D/D...    TN/TN/TN...         3            D   LuB
  **18**   4            **23**/11/5/5              2/2/2/2                    MX          LuA/LuA/LuA...      2            D   LuB
  **19**   4            **26**/4/4/2               3/3/3/3                    D/D/D...    LuA/LuA/LuA...      2            D   LuA
  **20**   5            **36**/12/4/4/3            3/3/3/3/3                  M/M/M...    TN/TN/TN...         3            M   TN
  **21**   6            **22**/11/6/6/4/1          2/2/2/2/2/2                L/L/L       LuA/LuA/LuA...                       
  **22**   7            **20**/11/7/4/4/2/1        2/2/2/2/2/2/2              D/D/D...    LuA/LuA/LuA...      2            D   LuA
  **23**   7            **20**/12/7/4/5/2/1        2/3/2/2/2/2/1              D/D/D...    LuA/LuA/LuA...                       
  **24**   7            **21**/11/7/4/4/2/1        2/3/3/2/2/2/2              D/D/D...    LuB/LuA/LuA...                       
  **25**   7            **26**/18/7/4/4/2/1        2/3/3/3/3/2/2              D/L/L       LuA/LuA/LuA...      3            L   LuA
  **26**   8            **18**/10/3/2/2/1/1/1      2/2/2/2/2/2/2/2            L/L/L       HER/HER/HER...      2            L   HER
  **27**   8            **23**/11/5/4/2/1/1/1      2/2/2/3/2/1/1/1            D/D/D...    LuA/LuA/LuA...                       
  **28**   8            **28**/12/4/3/3/1/1/1      2/2/2/2/1/1/1/1            D/D/D...    LuA/LuA/LuA...      2            D   LuB
  **29**   8            **30**/10/3/2/2/1/1/1      3/3/3/3/3/3/3/3            D/D/D...    TN/TN/TN...         3            D   TN
  **30**   9            **25**/14/3/2/1/1/1/1...   2/2/2/2/1/1/1/1/1          D/D/D...    LuB/LuB/LuB...                       
  **31**   9            **38**/10/6/2/2/1/1/1...   3/3/3/3/3/3/3/3/3          L/L/L...    LuA/LuA/LuA...      3            L   LuA
  **32**   10           26/**15**/4/4/2/2/1/1...   2/2/2/1/1/1/1/1/1/1        D/D/D...    LuA/LuB/LuA...      2            D   LuB
  **33**   10           27/**10**/5/5/2/1/1/1...   2/2/2/2/2/2/2/2/2/2        D/D/D...    LuA/LuB/LuA...      3            D   TN
  **34**   11           **10**/10/5/2/2/1/1/1...   3/2/2/2/2/2/2/2/2/2/2      D/D/D...    TN/TN/TN...         3            D   TN
  **35**   11           **18**/12/3/3/2/1/1/1...   2/2/2/2/2/2/2/2/2/2/2      D/D/D...    LuB/LuB/LuB...                       
  **36**   11           **32**/18/4/4/2/1/1/1...   2/2/2/2/2/2/2/2/2/2/2      L/L/L...    LuA/LuA/LuA...      2            L   LuA
  **37**   11           **35**/10/3/2/2/1/1/1...   3/3/3/3/3/3/3/3/3/3/3      L/L/L...    LuA/LuA/LuA...      3            L   LuA

D = Ductal Carcinoma (NST); L = Invasive Lobular Carcinoma; MX = Mixt Carcinoma; M = Carcinoma with Medullary Characteristics; LuA = Luminal A; LuB = Luminal B; TN = Triple Negative; HER = HER2-enriched. Highlighted rows---multicentric carcinoma; non-highlighted rows---multifocal carcinoma; Numbers in bold---the dominant tumor.
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###### 

Tumoral heterogeneity in other studies.

  --------------------------------------------------------------------------------------------------------------------------
  Study                                                Year   Number of Patients   Mismatch in          N = (%)
  ---------------------------------------------------- ------ -------------------- -------------------- --------------------
  **Lang et al. \[[@B18-medicina-56-00230]\]**         2017   156                  ER\                  6 (3.85%)\
                                                                                   PR\                  4 (2.56%)\
                                                                                   Grading\             6 (3.85%)\
                                                                                   Ki-67\               9 (5.77%)\
                                                                                   HER2                 2 (1.28%)

  **Baretta et al. \[[@B19-medicina-56-00230]\]**      2015   4403                 ERP\                 422 (10%)\
                                                                                   R                    816 (19%)

  **Pekar et al. \[[@B20-medicina-56-00230]\] \***     2014   110                  Histologic type\     16 (14.5%)\
                                                                                   Grading\             6 (5.5%)\
                                                                                   Molecular subtype    11--14 (10--12.7%)

  **Buggi et al. \[[@B21-medicina-56-00230]\] \*\***   2012   113                  ER\                  5 (4.4%)\
                                                                                   PR\                  18 (15.9%)\
                                                                                   Grading\             21 (18.6%)\
                                                                                   Ki-67\               17 (15%)\
                                                                                   HER2                 11 (9.7%)

  **Choi et al. \[[@B22-medicina-56-00230]\]**         2012   65                   ER\                  2 (3%)\
                                                                                   PR\                  7 (11%)\
                                                                                   HER2\                4 (6%)\
                                                                                   Molecular subtypes   5 (8%)

  **Boros et al. \[[@B23-medicina-56-00230]\]**        2008   91                   Histological type\   11 (12.08%)\
                                                                                   Grading              9 (9.89%)

  **Garimella et al. \[[@B24-medicina-56-00230]\]**    2007   18                   ER\                  0 (0%)\
                                                                                   PR                   2 (11%)
  --------------------------------------------------------------------------------------------------------------------------

\* The authors also reported that if phenotyping of the secondary foci was performed before therapy, the results would have influenced the therapy choice in eight patients. \*\* In this study, eleven patients received different adjuvant therapy than what would have been received if only the primary tumor was assessed. ER = estrogen receptor, PR = progesterone receptor; HER2 = Human Epidermal Growth Factor Receptor 2.
